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ABSTRACT:   Aim: The aim of this study was to present our preliminary experience with intraoperative neuromonitoring during rectal resection. 
  Materials and methods: We qualified 4 patients (2 women, 2 men; age 42 – 53 years) with rectal cancer for surgery with intra-
operative neuromonitoring. In all patients, functional tests of the anorectal area were performed before surgery. Action poten-
tials from the sphincter complex in response to nerve fiber stimulation were recorded with electrodes implanted before surgery. 
Moreover, we inserted a standard, 18FR Foley’s urinary catheter to which a T-tube was connected to allow urine outflow and mea-
surement of pressure changes in the bladder induced by detrusor contractions during stimulation. 
  Results: Setting up neuromonitoring prolonged surgery time by 30 to 40 minutes, or even by 60 to 80 minutes in the case of the 
first two patients. Neuromonitoring itself took additional 20 to 30 minutes during surgery. In all patients, we stimulated branch-
es of the inferior hypogastric plexus in their anatomical position during dissection. In three patients, we evoked responses both 
from the bladder and the sphincter in all planes of stimulation. In one patient, there was no response from the left side of the 
bladder, and in the same patient, we observed symptoms of neurogenic bladder. 
  Conclusions: Based on the available literature and our own experience, we state that monitoring of bladder pressure and electro-
myographic signals from rectal sphincters enables visualization and preservation of autonomic nervous system structures, both 
sympathetic and parasympathetic. Intraoperative signals seem to be correlated with clinical presentation and functional examina-
tions after surgery. In order to objectify our results, it is necessary to perform functional examinations before and after surgery in a 
larger group of patients. 
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INTRODUCTION 
Functional complications of rectal surgery decrease quality of life 
due to an impaired control over basic physiological functions. To-
tal mesorectal excision (TME), introduced in 1982 by Heald, is the 
mainstay of treatment for rectal cancer that enables complete tumor 
resection (1,2).  However, despite nerve sparing techniques that are 
applied during TME, in 50-70% of patients, TME is associated with 
damage to nerves in the inferior and superior hypogastric plexuses 
and other nerves that control the bladder, genitals, rectum, and the 
rectal sphincter complex. Nerve damage is more likely when dis-
secting the anterior or lateral rectal wall, especially in patients with 
narrow pelvises, bleeding, or unfavorable tumor locations. As re-
gards laparoscopic procedures, although magnification of the sur-
gical fields makes it easier to identify nerve structures, the risk of 
functional complications is similar as in the case of standard surgery. 
Anterior resection syndrome is a well-known complication in which 
rectal sphincter dysfunction is accompanied by disorders of mictu-
rition and sexual function (3).These impairments severely decrease 
quality of life in affected patients. High costs of managing such com-
plications and the necessity to form stomata in some patients call 
for new approaches that could reduce the risk of anterior resection 
syndrome. One of such approaches involves identification of nerve 
structures during surgery. First reports on neuromonitoring reach 
as far as 1898, when Krause used electrostimulation of the facial 
nerve with facial muscle responses during resection of the vestib-
ulocochlear nerve (4). Currently, neuromonitoring is successfully 
used in thyroid gland surgery, laryngology, vascular surgery, and 
neurosurgery (5-9). The first attempts to identify the nerves of the 
pelvis were carried out with the CaverMap technique; however, it 
was characterized by poor repeatability and could be used only in 
men (10,11).  Employment of new precise techniques of nerve stim-
ulation as well as combined recordings from the bladder and rectal 
sphincters give hope that neuromonitoring can be an effective tool 
for preservation of nerve function after surgery. 
AIM
The aim of the study is to present, for the first time in Poland, our 
initial experience with modified intraoperative neuromonitoring 
Fig. 1. Ultrasound-guided electrode placement in the sphincter complex.
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not observe intraoperative adverse effects. Setting up neuromon-
itoring prolonged surgery time by 30 to 40 minutes, or even by 60 
to 80 minutes in the case of first two patients. Neuromonitoring it-
self took additional 20 to 30 minutes. This significantly prolonged 
surgery time, but one should take into account that we performed 
these procedures without prior experience.  In all patients, stimu-
lation of inferior hypogastric plexuses at the normal anatomic po-
sition induced symmetrical signals form the bladder and internal 
rectal sphincter (Fig. 3). In one patient with a tumor that extended 
beyond the lateral recital wall, dissection of the lateral part of the 
mesorectum on the left side caused loss of signals from the internal 
sphincter and the bladder on stimulating the left branches of the 
inferior hypogastric plexus, while the responses on stimulating the 
right branches of the same plexus remained normal. In that patient, 
we observed symptoms of neurogenic bladder after surgery. In the 
same patient, EMG signal on the left side was weaker, albeit present, 
on preoperative functional assessment (sphincter EMG, anorectal 
manometry). At the 3-month follow-up, the EMG signal of the left 
external rectal sphincter was reduced in comparison to the preop-
erative assessment, and we observed dysfunction of the reflex func-
tion of the internal rectal sphincter and dysfunction of micturition. 
DISCUSSION 
In 2004, prof. Kneist from Heidelberg published the first human 
study that used intraoperative monitoring of the nerves in the less-
er pelvis. He performed TME in 17 patients with rectal cancer, and 
in two of those patients, Kneist did not record any intraoperative 
signals, which was accompanied by sustained disorders of mictu-
rition (13).  According to the Heidelberg team, sensitivity, speci-
ficity, and positive and negative predictive values of the combined 
use of neuromonitoring and EMG for preservation of internal anal 
sphincter (IAS) innervation during rectal surgery are 100%, 96%, 
67%, and 100%, respectively. Notably, neuromonitoring of pelvic 
nervous plexuses is different than neuromonitoring used in other 
fields of surgery, because pelvic nerves have different character-
istics. In head and neck surgery, neuromonitoring is based on the 
stimulation of somatic nerves which induces immediate effector 
muscle response. That response is recorded by an electrode placed 
in the muscle, and it is displayed on a monitor and simultaneously 
recoded into an auditory signal. In the case of the pelvic nerves,, 
that are composed primarily of autonomic fibers, effector response 
of pelvic nerves during total mesorectal excision 
MATERIALS AND METHODS 
All procedures were performed in one center by the same opera-
tor who had substantial experience with regard to colon and rec-
tal surgery. Members of the operating team, anesthesiologists, and 
auxiliary personnel were all trained with respect to preparation of 
equipment and patient preparation. The equipment was used by 
trained technicians. Four patients with rectal cancer (two men and 
two women, aged 42 – 53 years) were enrolled. Anterior rectal re-
section was performed in 2 patients, low anterior rectal resection 
was performed in 1 patient, and proctocolectomy was performed 
in 1 patient. Patient characteristics and surgery duration times are 
presented in Table 1. In all patients, functional assessment of the 
anorectal areas was carried out before surgery. In contrast to the 
protocol developed by Kneist, preoperative superficial three-ring 
electromyography was performed with a 48-channel rectal probe 
(OT Bioelettronica, Torino), according to the method described 
by Merletti et al. (12). Patients were placed in the modified Loyd-
Davies position, and needle EMG electrodes (15 mm in lengths, 
0.5 mm in diameter) were placed under rectal ultrasound guidance 
in the external rectal sphincter at 4 and 6 o’clock (Fig. 1). Ground-
ing electrodes were attached to the right thing. These electrodes 
were used for recording action potentials of the rectal sphincter 
complex. Moreover, we inserted a standard, 18FR Foley’s urinary 
catheter to which a T-tube was connected to allow urine outflow 
and measurement of pressure changes in the bladder induced by 
detrusor contractions during stimulation. The diagram of the ap-
plied equipment is presented in Figure 2a.
Nerve stimulation was carried out with monophasic current (in-
tensity, 3mA; frequency 30 Hz, stimulus duration, 200 µs). For 
surgical procedures with the use of pelvic neuromonitoring, an-
esthesia protocols are changes, i.e., total intravenous anesthesia 
and non-depolarizing muscle relaxants are preferred. 
RESULTS 
During surgery, vital signs such as blood pressure, pulse, respiratory 
rate, and oxygen saturation remained normal in all patients. We did 
Fig. 2. Monitoring of bladder function. System of bladder pressure control (a) with intraoperative recordings (b) 
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The issue of prolonged surgery time, which is caused by the time 
needed to precisely place electrodes in the sphincter complex and 
to carry out stimulation in multiple planes and levels, is currently 
debated. As in the case of all new techniques, the learning curve 
plays an important role in this respect. 
In conclusion, for the first time in Poland, we successfully 
employed intraoperative neuromonitoring during rectal sur-
gery. Monitoring of bladder pressure and electromyographic 
signals from rectal sphincters enables visualization and pres-
ervation of autonomic nervous system structures, both sym-
pathetic and parasympathetic. Intraoperative signals seem to 
be correlated with clinical presentation and functional exam-
inations after surgery. 
In order to objectify our results, it is necessary to perform multi-center 
studies in a larger sample. It is also necessary to perform functional 
examinations before and after surgery. It is especially important to 
compare sphincter electromyographic results obtained before, during, 
and after surgery in order to objectively determine the outcomes of 
neuromonitoring. Therefore, there is a need to create a standardized 
protocol for a multi-center trial in order to evaluate the procedure. 
Although neuromonitoring can initially prolong surgery time, mainly 
due to the time needed for ultrasound-guided electrode placement, 
this effect should decrease with progression of the learning curve. 
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is less potent and often prolonged in time. For that reason, pelvic 
nerve neuromonitoring resembles more neuromodulation than 
neurostimulation (13-16). 
No intraoperative or postoperative complications of pelvic nerve 
monitoring have been noted. Although pelvic intraoperative neu-
romonitoring (pION) extended surgery time in our patients, one 
should remember of the learning curve. Because pION is only 
minimally invasive, no sustained complication or electrode-relat-
ed adverse effects have been noted. The use of a superficial mul-
tichannel EMG probe before surgery instead of needle electrodes 
reduces patient discomfort. 
Neuromonitoring is a method that was introduced over 100 years 
ago, but is has recently gained interest. Initially, it was used for 
the assessment of the somatic nervous system. Although we used 
neuromonitoring in patients with cancer, it can also be used in 
patients with other conditions, e.g. for rectopexy (Ripstein, Fry-
kman-Golderg), or for pelvic surgical procedures that are per-
formed in gynecology and urology. Neuromonitoring can be used 
for open as well as for laparoscopic surgery, and it allows to use 
a wide range of surgical equipment. German researchers have 
studied how the technique of operative dissection influences the 
quality of EMG signal from the IAS, and they have not found 
any significant differences between dissection performed with 
the use of scissors, monopolar electrocoagulation, and the ultra-
sound-based Ultracision system. Thus, the operator can freely 
choose surgery techniques. 
Close cooperation between the surgeon, clinical neurophysiologist, 
and anesthesiologist is essential for a successful use of intraoper-
ative neuromonitoring. Without proper anesthesia, the obtained 
signal can be unreliable. 
Based on the available literature, lack of electromyographic signal 
does not necessarily indicate sphincter denervation. Schneider et 
al. have determined that the quality of electromyographic signal 
depends on several factors, such as electrode type, electrode place-
ment, stimulation site, stimulation intensity, and stimulation time. 
The loss of electromyographic signal, that we observed unilater-
ally in one of our patients, could have been caused by electrode 
dislocation. However, sphincter dysfunction and dysfunction of 
micturition that were seen at follow-up confirmed intraoperative 
damage. Thus, there was a correlation between intraoperative 
damage and postoperative functional deficit. We plan a larger 
prospective trial in order to confirm this observation. How does 
intraoperative neuromonitoring influence postoperative sexual 
function? Knesit et al., in a study with 17 patients who underwent 
laparoscopy, showed that lack of intraoperative signal from the 
inferior hypogastric plexus was strongly associated with sexual 
dysfunction after surgery. 
Fig. 3. Surgery in the phase of neuromonitoring.
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